ABSTRACT
eigenvalues [5] . Theorems of this type are known as inertia theorems.
In this note the rank of the controllability matrix of A and W is used to derive a new inertia theorem.
As an application, a result in [8] and [4] on a damping problem of the equation iV% + (D + G)k + Kx = 0 is extended.
INTRODUCTION
The inertia of an n x n matrix A with complex elements is defined as the integer triple In A = (n(A), Y(A), 6(A)), where n(A), V(A), and 6(A) are, respectively, the number of eigenvalues of A with positive, negative and zero real part.
Generalizing a theorem of Lyapunov, Ostrowski, and Schneider [5] and Taussky [7] relate the inertia of a matrix to the matrix inequality AH + HA* > 0 (positive definite).
H shall always denote a Hermitian matrix. In this note we use the concept of a controllable pair of matrices to investigate the inertia of A. Our results will be applied to the equation MZ + (D + G)3i + Kx = 0 and will provide an extension of a theorem of Zajac [8] and Mtiller [4] on the pervasive damping of linear mechanical systems.
2,SOMELEMMAS OFCONTROLTHEORY
For the basic definitions and lemmas of linear control theory in this section we refer to [2] From (1) 
3.INERTIATHEOREMS THEOREM 2. If AH + HA* = W, W >, 0 and (A, W) is controllable, then 6(A) = d(H) = 0 and In
Aa&22 + HzzA: = 0,
In ( 
LINEAR VIBRATIONS
Consider the equation
where all matrices are n x n and real and where M, D, K are symmetric and G is skew-symmetric. Let M be nonsingular and D 3 0. We associate with (5) the matrix
The latent roots of (6) The eigenvalues of A are the latent roots of F(I). We put then A"TV + Vk = IV, f@ < 0.
Applying Theorem 2 to (7) (with trivial change of sign) we generalize a result of Zajac [8] and Mtiller [4] . 
If the pair (XT, I&') is controllable, then F(1) has no Purely imaginary latent roots, the number of lated roots with negative, resp. positive, real part is equal to n(M) + n(K), Yes@. Y(M) + y(K).
Because of the given block structure of k and #' criteria for controllability of (AT, m) can be simplified. We also mention that (AT, m) to be controllable means (A, @) to be observable [3] . (5) is asymptotically stable.
If D 3 0 is singular, then (5) may have periodic solutions (which means F(1,) has purely imaginary roots). The damping -L)i is called pervasive, if it acts on all components of X, so that all solutions of (5) tend to zero as t ---, co. Because of M > 0 and K > 0 the matrix V in (7) is positive definite.
The theorem is an immediate consequence of Corollary 1 and Lemma 4.
We observe that for pervasive damping we need not require M to be nonsingular. 
Separating
real and imaginary parts we obtain Dq = 0 and (-x2M + z&G + K)q = 0. The converse follows from the fact that all latent roots of 12M + 1G + K lie on the im,aginary axis.
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